**Core tip:** Obstructive sleep apnea (OSA), has been tightly-related to several components of metabolic syndrome (MS). However, most of the evidence documented has only evaluated individual components of the MS, or patients with a diagnosis of OSA.

INTRODUCTION
============

The term "metabolic syndrome" (MS) dates back to 1977, when Haller used it to describe the association between hypertension, dyslipidemia, obesity, and disturbed glucose metabolism\[[@B1]\]. He demonstrated how the presence of multiple of these factors increased the risk of developing cardiovascular disease\[[@B1]\]. Phillips, in 1978 suggested that the combination of risk factors not only predisposed to heart disease, but were also related with an increased risk for obesity\[[@B2]\]. These constellation of abnormalities included glucose intolerance, hyperinsulinemia and a high level of triglycerides, glucose, cholesterol and insulin\[[@B2]\]. In the late 1980's, Gerald Reaven hypothesized that insulin resistance could be the underlying factor, linking these constellations of abnormalities, which he named "Syndrome X" or also known as Metabolic X-syndrome, which is currently known as the MS\[[@B3]\].

The MS remains a global epidemiological challenge\[[@B4],[@B5]\]. This is due to the exponential increase in body mass index (BMI) in humans as the result of an increase in caloric intake, increase in obesity percentage, and increased sedentary life habits\[[@B6]\]. This clinical entity has a cluster of risk factors such as hypertension, central obesity, increased triglycerides, decreased high density lipoprotein cholesterol (HDL-C), increased blood glucose and insulin resistance\[[@B7]\].

Taking in consideration the established guidelines by the World Health Organization (WHO) as a reference to determine the best criteria for diagnosis, specificity and sensitivity between International Diabetes Federation (IDF), revised National Cholesterol Education Program (NCEP-R), NCEP Adult Treatment Panel (ATP)-III, and American Association of Clinical Endocrinologists (AACE) were evaluated, IDF criteria obtained the best overall specificity of 81.3% and sensitivity of 71.2% for proper diagnosis\[[@B8]\].

The parameters set for diagnosis include fasting glucose ≥ 100 mg/dL (or receiving drug therapy for hyperglycemia), blood pressure ≥ 130/85 mmHg (or receiving drug therapy for hypertension), triglycerides ≥ 150 mg/dL (or receiving drug therapy for hypertriglyceridemia), HDL-C \< 40 mg/dL in men or \< 50 mg/dL in women (or receiving drug therapy for reduced HDL-C) and waist circumference ≥ 94 cm in men or ≥ 80 cm in women (see Table [1](#T1){ref-type="table"})\[[@B8]\].

###### 

Current criteria for the diagnosis of the metabolic syndrome and sleep apnea severity classification

  **Factor**                              **IDF**
  --------------------------------------- ----------------------------------------------------------------------------------
  Hypertension                            Current antihypertensive therapy or BP ≥ 130/85 mmHg
  Dyslipidemia - elevated triglycerides   Plasma triglycerides ≥ 150 mg/dL or specific treatment for high triglycerides
  Dyslipidemia - depressed HDL            HDL \< 40 mg/dL in men or \< 50 mg/dL in women or specific treatment for low HDL
  Obesity                                 Waist circumference \> 37 inches in men or \> 31.5 inches in women
  Glucose                                 Fasting glucose ≥ 100 mg/dL or previously diagnosed type 2 diabetes
  Requirements for diagnosis              Waist circumference criteria plus any 2 of other criteria.
  No OSA                                  AHI \< 5/h
  Mild                                    AHI 5-14/h
  Moderate                                AHI 15-30/h
  Severe                                  AHI \> 30/h

BP: Blood pressure; IDF: International Diabetes Federation; HDL: High density lipoprotein; AHI: Apnea-hypopnea index.

In the vast majority of cases with MS, development of clinical manifestations such as cardiovascular disease, diabetes mellitus type 2 and obstructive sleep apnea (OSA) are known to manifest\[[@B7],[@B9],[@B10]\].

The disorder known as OSA is not new by any means, and it is becoming more prominent due to the increase in obesity over the past few decades\[[@B11]\]. Of historical interest, sleep apnea and snoring have been documented since 4000 BC\[[@B12]\]. Charles Dickens in the 19^th^ century wrote the "Pickwickian Papers", where one of the characters was "Joe, the fat boy" stating he was always asleep and snoring even on the simplest task such as errands and waiting for a table, leading way to the term "Pickwickian syndrome" in the late 19^th^ century as apneic symptoms\[[@B13],[@B14]\]. Finally, by mid-1960's, Gastaut, and associates, formally introduced the term "*Sleep apnea*", when a closure of the upper airways in obese patients was found, providing the ﬁrst documented relation between obesity, sleep-induced airway obstruction, sleep fragmentation, and daytime sleepiness, leading way to what is now known as "OSA"\[[@B15],[@B16]\].

These repetitive partial or, in certain advanced cases complete obstructive episodes of the upper airway during periods of sleep, are characterized by cessation of breathing for at least 10 s per minute resulting in hypopneic scenarios leading to apnea\[[@B7],[@B9],[@B10]\]. Grading of OSA is based on the apnea-hypopnea index (AHI), which is defined as number of apnea and hypopnea episode per hour of sleep\[[@B17]\]. Mild OSA has an AHI of 5-14/h, moderate OSA 15-30/h AHI, and severe OSA has an AHI of \> 30/h\[[@B18],[@B19]\] (Table [1](#T1){ref-type="table"}).

Some have suggested that the MS should include OSA, as part of its clinical manifestations, and should be called "*Z syndrome*"\[[@B7],[@B18]\]. A study by Xu et al\[[@B19]\] established an independent relationship between these two clinical entities.

Guidelines for the review were followed\[[@B19],[@B20]\]. The authors independently searched an electronic database (PubMed) using MeSH with the following terms "sleep apnea, obstructive sleep apnea" and "MS" to pinpoint articles up to the year 2017 excluding 2018, which were relevant to determine the correlation between MS and OSA, using the following medical subject headings and keywords: Metabolic syndrome, OSA. Overall, 321 articles were identified, and 39 studies were finally included in this review (Figure [1](#F1){ref-type="fig"}). All the included article reviewed were full text. Articles not related with obesity, MS, abstract only, duplicate information, comments and conference papers were excluded. Only studies in English language were included with a purpose of universal understanding. The acquired data from all qualified articles were later discussed between authors and any disagreements were resolved.

![Flow chart implemented for the selection of articles for this review.](WJD-9-66-g001){#F1}

EPIDEMIOLOGY
============

The prevalence of the MS Worldwide is estimated to be between \< 10% to as much as 84%, finding a certain correlation with developed countries, yet depends on various factors such as socioeconomic status, lifestyle, BMI, and region studied\[[@B6],[@B21]\]. Study by Khosravi-Boroujeni et al\[[@B22]\] showed the prevalence of MS have changed from 2001-2013. They also mentioned that prevalence of diabetes has also been increasing over the years. This has been attributed to aging, life style changes, population growth, obesity and decline in physical activity. Central obesity was labelled as a critical component of the MS. The prevalence of the hypertriglyceridemia also declined, due to use of the statins, healthy eating with cutting back on trans-fat and aggressive screenings\[[@B22]\].

Prevalence estimates for OSA range between 4%-24% for men and 2%-16% for women making it slightly higher amongst men, as well as most common after the age of 40 and during the postmenopausal period for women\[[@B23]\]. This prevalence increases for all who have risk factors, such as obesity and diabetes ranking it a significant health care challenge for population worldwide, with the odds as high as nearly double that of normal-weight adults\[[@B24]\]. While examining data, the relationship between MS and OSA was found to coexist up to 60% of cases\[[@B25]\].

CORRELATIONS BETWEEN MS AND OSA
===============================

There is significant evidence of the correlation between MS and OSA. It is clear that OSA independently leads to insulin resistance, a component of MS\[[@B26]\]. There is evidence that there is lower insulin sensitivity, and a higher fasting insulin level in these patients\[[@B27]\]. In these patients, there is an increase in epinephrine, norepinephrine and/or cortisol leading to an increase in gluconeogenesis and a decrease in skeletal muscle uptake of glucose\[[@B28]\]. In addition, there is a concomitant elevation in systemic inflammatory markers\[[@B29]-[@B31]\]. Examples of these are tumor necrosis factor alfa (TNF-α) and interleukin six (IL-6), both of which are independent of obesity and are dependent on OSA\[[@B20]\]. C-reactive protein (CRP) levels are also elevated, and these directly correlates with the elevated TNF-α and IL-6, leading to insulin resistance\[[@B26],[@B30],[@B31]\]. Furthermore, it is thought obesity and OSA have a synergistic, negative effect over glucose metabolism\[[@B27],[@B32]\]. Intermittent hypoxemia has been shown to produce beta cell dysfunction as well as insulin resistance\[[@B32]\].

As noted above, OSA intermittent hypoxemia causes sympathetic excitation, decreasing insulin sensitivity, glucose uptake and stimulates hepatic gluconeogenesis. Moreover, there is activation of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB), with subsequent production of pro-inflammatory mediators such as TNF-α, IL-6, and interleukin eight (IL-8)\[[@B32]\]. Therefore, OSA is linked to inflammation-mediated reaction with sympathetic signaling and oxidative stress, all led by NF-κB\[[@B33]\]. Obesity, on the other hand, leads to hypertrophied, dysfunctional adipocytes\[[@B34]\]. These adipocytes attract cytotoxic T cells (CD8+ T) as well as macrophages with the latter producing pro-inflammatory cytokines like IL-6, TNF-α and inducible nitric oxide synthase (iNOS)\[[@B33],[@B34]\]. There is a release of free fatty acids leading impairment of insulin-signaling pathway, insulin resistance and metabolic consequences. Obesity has adipose tissue mediating pro-inflammatory reactions with compromised vascularity via hypoxemia-derived pathway\[[@B34]\]. Here, the hypoxia-inducible factor 1 alfa is the moderator by increasing expression of pro-inflammatory adipocyte genes mediated by *NF-*κ*B* gene promoters\[[@B32]\]. What appears to be interesting is that OSA may lead to MS signs and symptoms with the intermittent hypoxemia causing visceral adipose tissue inflammation in rodents or reductionist models without presence of obesity\[[@B32]\].

OSA has shown to lead to early atherosclerosis by causing endothelial failure. In a study by Ciconne, 40 healthy patients were compared against 80 patients with OSA. Of the affected, 26 had mild OSA and 54 had severe OSA. The patients' demographics such as age, BMI, and neck circumference were comparable among the control group and both OSA groups. The authors hypothesized various episodes of hypoxia and re-oxygenation along with sleep deprivation would lead to systemic inflammation. They measured inflammation markers in venous blood. Patient with OSA had increased carotid intimal thickening, C-reactive protein (CRP), interleukin (IL-6), tumor necrosis factor (TNF-α) and pentraxin (PTX-3). They found CRP which promotes adhesion molecule expression and opsonizes LDL for reuptake by the macrophages within the plaque. IL-6 stimulated the production of CRP and serum amyloid A; the latter reduces HDL-C content. TNF-α stimulates monocytic adhesion to the endothelial surface with infiltration through the vascular wall, and finally their conversion to macrophages; it is also the cause of multiple atherogenic cytokine production. PTX-3 was seen to be elevated in both OSA groups. While PTX-3's role in the pathophysiology of OSA is not clear yet, it is considered as a specific marker for endothelial inflammation\[[@B35]\].

In a study by Zychowski et al\[[@B36]\], human coronary endothelial cells were incubated with 5% serum, of control and OSA patients for 4 h. They then, performed qPCR to evaluate for endothelial inflammatory markers. OSA serum induced much more endothelial cell expression of VCAM1, ICAM1, IL8, SELP and CCL5 mRNA. This suggested another molecular role of endothelial activation and dysfunction in patients with OSA\[[@B36]\].

Screening younger generations
-----------------------------

As the estimated prevalence of OSA is 2%-3% in healthy children and between 13% and 66% among obese adolescents, it is justified to screen for it\[[@B26]\]. Children with OSA had reportedly 6.49 times increased odds of developing MS when compared with children without OSA\[[@B34]\]. The principal predictor is hypoxemia. Consideration should be given to screening of obese children with MS for OSA since their outcomes are modifiable by lifestyle changes\[[@B34]\].

How the MS may trigger the development of OSA
---------------------------------------------

An excess in weight is more crucial for OSA than either age or gender\[[@B37],[@B38]\]. For every percent in weight reduction, there is a 3% reduction in the AHI\[[@B27],[@B39]\]. Increased waist diameter correlates with an increased incidence of OSA\[[@B40]\]. Obesity is an important factor, more importantly, central obesity. Central obesity is linked to higher leptin production with resistance to said hormone and leading to increase probability of developing OSA. Metabolic abnormalities increase the chance of upper airway collapsibility. Neck circumference is a better predictor of OSA than general obesity. Central obesity impact is greater on the upper airway function when compared to peripheral obesity, as stated earlier\[[@B40],[@B41]\]. Patients with obesity and OSA have approximately a 67% more total neck fat compared to the normal person. This leads to a smaller upper airway area and greater compression on said airway while sleeping. Central obesity is more closely related to fat depositions in the neck, unlike peripheral obesity. This leads to a more notable narrowing of the upper airway while asleep\[[@B38],[@B42]\].

CONCLUSION
==========

The presence of MS may be the trigger to the development of OSA. This is important, since it is now known that the coexistence of both pathologies within the same patient raises biomarkers, which directly cause or at least raise potential for complications. Detecting MS and OSA is very important. Similarly, known diabetic patients should be screened for OSA and complications could be avoided. Adequate treatment of OSA can help decrease insulin resistance. It is imperative for the clinicians to keep themselves updated with the recent changes in science which can translate in combating and preventing the progression of disease.

There are more pathophysiological theories of how OSA may have a synergistic negative effect with MS that is yet to be made clear. From a direct effect of OSA over the hypothalamic-pituitary-adrenal axis, adrenal medulectomy trials as a possible therapeutic procedure, or a theory of OSA affecting the microbiota of the gastrointestinal tract leading to the development or worsening of MS. The current studies are being performed in mice, but in a near future may lead to a better understanding of the relationship between OSA and MS and possibly to improved patient management.
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